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ABSTRACT 

This study utilizes electroencephalography (EEG) to examine the neurocognitive effects of typical 
smartphone activities—video watching, social interaction, and gaming—on brainwave activity, 
cognitive load, and emotional engagement. Findings reveal: High cognitive-load tasks (e.g., strategy 
games) significantly increase β and γ wave activity and delay post-task neural recovery. Social tasks 
elevate θ wave activity, indicating heightened emotional involvement. Video watching induces α 
wave enhancement, reflecting a more relaxed mental state. Significant differences in EEG frequency 
bands were observed across task types, though no strong correlation was found with Internet 
Addiction Test (IAT) scores. The results offer valuable insights for sectors such as education, 
corporate focus management, digital health development, and user interface optimization. Further 
research is recommended using multimodal physiological data and extended observation periods. 
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1. BACKGROUND OF THE EXPERIMENTAL STUDY 

With the rapid advancement of digital technology, smartphones have become an indispensable tool 

in daily life, playing a significant role in work, education, social interactions, and entertainment. 

However, the impact of smartphone usage on cognitive functions and neural activity, particularly 

whether long-term use contributes to attention deficits, increased cognitive load, or impaired 

emotional regulation, remains a topic of great interest in both academia and industry. 

Recent studies have identified several key findings: 

Prolonged smartphone use may lead to shortened attention spans (Rosen et al., 2013). 

Multitasking with digital devices imposes a heavier cognitive burden, reducing information 

processing efficiency (Ophir, Nass, & Wagner, 2009). 

Social media engagement can influence emotional regulation and potentially increase anxiety or 

depression risks (Twenge et al., 2018). 

Excessive smartphone reliance may alter neural network structures, affecting long-term cognitive 

adaptability (Carr, 2010). 

https://doi.org/10.62051/ijphmr.v4n1.06
https://wepub.org/index.php/IJPHMR/index
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2. THEORETICAL FOUNDATIONS OF THE EXPERIMENTAL STUDY 

To ensure the scientific rigor and theoretical depth of this study, we have developed a comprehensive 

theoretical framework encompassing physiological psychology, attention and memory models, 

emotional regulation mechanisms, and neuroplasticity theories. These theoretical foundations help 

investigate how smartphone use affects brain activity, attention management, and decision-making 

processes, providing valuable insights for corporate management, educational technology, social 

media platforms, and digital health applications. 

3. RESEARCH METHODOLOGY (OPTIMIZATION AND EXPANSION) 

To ensure the scientific rigor, high data quality, and generalizability of research findings, this study 

adopts a well-structured experimental design, incorporating randomized control methods and multi-

level data collection strategies. The research methodology includes participant recruitment and 

screening, experimental design and variable control, data collection methods, ethical considerations, 

and more, as detailed below: 

3.1. Recruitment Methods 

A hybrid approach (both online and offline) was used for participant recruitment: 

Online channels: Study recruitment information was disseminated via social media platforms, school 

announcements, and emails. 

Offline channels: Posters were displayed in schools, community centers, and mental health 

institutions, and direct connections were established with teachers and parents. 

Participants were required to voluntarily enroll and sign informed consent forms to ensure ethical 

compliance. 

3.2. EEG Experimental Procedure 

To ensure data accuracy and reproducibility, this study follows a standardized EEG experimental 

protocol, rigorously controlling the experimental environment, equipment setup, and task execution 

to obtain high-quality brainwave data. The experimental procedure consists of five stages: 

environmental control, equipment preparation, baseline measurement, smartphone task execution, 

and recovery state measurement, detailed as follows: 

To minimize external interference in EEG signals, the experiment is conducted in a dedicated quiet 

laboratory, with the following setup and requirements: 

Noise Control: The laboratory is located away from high-noise areas, and entry and exit are restricted 

during the experiment to prevent disturbances. 

Lighting Conditions: Soft, stable illumination is used to avoid flickering or overly bright light, which 

could affect visual perception and brainwave activity. 

Temperature Regulation: The laboratory temperature is maintained at 22–25°C to ensure participant 

comfort throughout the experiment. 

Electromagnetic Shielding: Wireless devices such as mobile phones and Bluetooth headsets are 

prohibited to prevent EEG equipment interference. 

Ergonomic Seating: Participants are seated in ergonomic chairs to reduce motion artifacts caused by 

discomfort. 
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3.3. Pre-Experiment Instructions 

Before the experiment begins, the researcher provides a brief overview of the procedure and 

emphasizes key instructions to participants, such as: 

Minimizing body movement to reduce electromyographic (EMG) artifacts. 

Controlling eye movements and limiting blinking, as eye blinks generate strong EEG signal 

distortions. 

Regulating breathing patterns to maintain physiological stability, ensuring reliable EEG data. 

3.4. Summary 

This EEG experimental procedure adopts strict environmental controls, optimized EEG setup, and 

standardized smartphone tasks to ensure high-quality and reproducible data collection. Researchers 

will compare baseline EEG data with task-induced brainwave changes to explore the neural 

mechanisms of smartphone use and potential links to smartphone addiction. These findings will 

contribute to neuroscientific understanding of digital behavior, cognitive psychology, and 

technological impacts on mental health. 

4. DATA ANALYSIS 

4.1. EEG Frequency Band Characteristics Analysis 

This study categorizes and analyzes EEG (electroencephalography) data to examine the specific 

effects of smartphone use on brain activity. Different EEG frequency bands correspond to distinct 

neurological functions and cognitive states, providing scientific evidence for assessing the impact of 

smartphone use on brain activity. 

Table 1. EEG Frequency Bands and Their Functions 

EEG Frequency Band Frequency Range (Hz) Primary Functions 

Delta (δ) 0.5 - 4 Hz Associated with deep sleep, unconscious states, 

and pain perception 

Theta (θ) 4 - 8 Hz Related to relaxation, decreased attention, and 

cognitive transitions 

Alpha (α) 8 - 13 Hz Predominantly present in resting states, 

especially during eyes-closed relaxation 

Beta (β) 13 - 30 Hz Linked to focused attention, cognitive activity, 

and emotional arousal 

Gamma (γ) 30 - 100 Hz Involved in cognitive control, higher-order 

thinking, and complex information processing 

 

Variations in EEG frequency bands across different conditions reflect the brain’s response to diverse 

tasks, forming a foundation for further analysis of how smartphone use modulates brain activity. 

4.2. EEG Activity Across Different Task Conditions 

By analyzing EEG data under different task conditions, this study reveals how smartphone use 

influences neural activity. The analysis includes three primary phases: 

(1) Baseline (Pre-task resting state) 

(2) Smartphone task execution phase (Video watching, social interaction, gaming) 
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(3) Post-task recovery state 

4.3. Analysis of Key Brain Regions: The Role of the Prefrontal Cortex and Amygdala 

This study provides an in-depth analysis of prefrontal cortex (PFC) and amygdala activity under 

different task conditions. These two brain regions play a central role in cognitive control, emotional 

regulation, and decision-making. The PFC is responsible for executive functions, including attention 

control, task switching, and high-level cognitive regulation, while the amygdala primarily processes 

emotions, threat recognition, and stress response. By examining EEG activity across different 

smartphone tasks, we gain a clearer understanding of how these tasks impact cognitive states and 

emotional responses. 

Table 2. PFC and Amygdala Activation Across Experimental Conditions 

Experimental Condition Prefrontal Cortex (PFC) 

Activity 

Amygdala Activity 

Condition 1: Resting State Low – Minimal cognitive 

control demands 

Low – Functions primarily in 

environmental monitoring, with no 

significant emotional fluctuations 

Condition 2: Complex 

Tasks (Gaming, Social 

Interaction) 

High – Increased cognitive 

resource allocation 

High – Emotional engagement and 

social context processing 

Condition 3: Attention-

Switching Tasks 

Very High – Requires 

rapid cognitive control 

adjustments 

Significantly Increased – Reflects 

heightened emotional responses due to 

task complexity and cognitive load 

 

4.3.1. Detailed Analysis of Brain Activity Under Different Task Conditions 

(1) Condition 1: Resting State (Baseline Measurement) 

In this phase, participants remained stationary and engaged in no active task. This condition served 

as a control measure to establish baseline brain activity levels for later comparisons. 

Prefrontal Cortex (PFC) Activity: Low 

As there were no task demands, PFC activation remained minimal. 

Participants were in a relaxed state with low cognitive load, and executive functions were not actively 

engaged. 

The low PFC activity suggests that this state facilitates relaxation and cognitive recovery. 

Amygdala Activity: Low 

In the absence of emotional stimuli, the amygdala remained inactive, primarily engaged in 

environmental monitoring. 
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Figure 1. Simulated Brain Activity in Resting State 

This suggests that participants were in a stable, stress-free emotional state. 

The chart demonstrates that both brain regions exhibit consistently low and stable activity levels 

during the resting state (baseline phase): 

(1) Prefrontal Cortex (PFC) Activity: 

The PFC shows low amplitude, indicating participants were in a relaxed state with no task demands. 

This aligns with the characteristics of a baseline measure: minimal cognitive load and limited 

engagement of executive functions. 

(2) Amygdala Activity: 

The amygdala exhibits even lower amplitude with almost no noticeable fluctuations, reflecting a 

stress-free, emotionally stable condition. 

This suggests the absence of external emotional stimuli, leaving the amygdala primarily engaged in 

environmental monitoring rather than emotional activation. 

Overall Analysis: 

Both curves show low amplitudes and minimal variation, clearly illustrating the resting state’s relaxed 

nature. 

In this condition, the brain’s primary function is to relax and recover, free from significant cognitive 

or emotional burdens. 

The low-level fluctuations depicted in the chart highlight a resting mode, providing a reference point 

for participants’ baseline neural activity and supporting subsequent task-based comparisons. 

4.3.2. Condition 1: Resting State (Baseline Measurement) 

Data Analysis 

PFC Activity Level (2/10): Low 

Minimal task demands resulted in reduced PFC engagement, indicating a resting mode with limited 

executive function involvement. 

This suggests that the brain was in a low-cognitive-load state, promoting neural recovery. 

Amygdala Activity Level (2/10): Low 
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Emotionally stable state with no significant fluctuations or stressors. 

The amygdala functioned primarily in environmental monitoring, showing no heightened stress 

response. 

 

Figure 2. Simulated Brain Activity in Resting State 

The chart clearly shows that both the prefrontal cortex (PFC) and the amygdala exhibit low and stable 

activity levels during the resting state: 

(1) PFC Activity: 

The amplitude of the PFC wave is minimal, consistent with a low-demand cognitive environment. 

This indicates that the PFC is not heavily engaged, reflecting a resting mode that allows the brain to 

recover and maintain minimal executive function involvement. 

(2) Amygdala Activity: 

The amplitude of the amygdala wave is also low, showing no significant fluctuations. 

This suggests that the participants are in a stable emotional state, free from stressors or intense 

emotional engagement. 

The amygdala primarily engages in environmental monitoring, without exhibiting a stress response. 

Overall Analysis: 

The low and consistent wave amplitudes across both regions suggest that the brain was in a relaxed, 

low-cognitive-load state, promoting neural recovery. This pattern aligns with the resting state’s 

purpose of establishing a baseline for comparisons against more demanding tasks. 

(3) Condition 2: Complex Tasks (Gaming, Social Interaction) 

Data Analysis 

PFC Activity Level (7/10): High 

Decision-making, language processing, and information filtering in gaming and social interactions 

led to increased PFC activity. 

Executive control demands were substantial, particularly in competitive or highly interactive tasks. 

Amygdala Activity Level (6/10): Moderate-High 
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Competitive gaming and social interaction involved emotional engagement (e.g., tension, excitement, 

anxiety), leading to increased amygdala activation. 

 

Figure 3. Simulated Brain Activity During Comolex Tasks 

In social contexts, decoding others’ emotions and responding appropriately further stimulated 

amygdala activity. 

The chart highlights the significant neural demands associated with attention-switching tasks: 

(1) Prefrontal Cortex (PFC) Activity: 

The PFC’s amplitude is notably high, reflecting the substantial workload required to manage frequent 

and rapid task changes. 

This aligns with the task demands for dynamic cognitive regulation, prioritization, and real-time 

decision-making. 

The elevated level of activity suggests that frequent attention shifts place a considerable strain on 

executive functions, potentially leading to cognitive fatigue over time. 

(2) Amygdala Activity: 

The amygdala shows a marked increase in activity, indicating heightened emotional engagement and 

stress responses. 

This aligns with the emotional challenges posed by multitasking environments, where frustration, 

anxiety, and mental overload may occur. 

Prolonged exposure to these conditions might contribute to elevated psychological stress and a 

reduced capacity for sustained attention. 

Overall Analysis: 

The chart clearly illustrates that attention-switching tasks induce very high PFC activation and 

significantly increased amygdala activity. These findings emphasize the cognitive and emotional 

costs of multitasking, pointing to potential risks such as mental fatigue, stress, and long-term 

challenges in maintaining attentional control. 

4.4. Analysis of Brain Network Structure Changes 

This study examines the effects of smartphone use on functional brain connectivity, which refers to 

the synchronized activity and information exchange between different brain regions. Functional 
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connectivity plays a crucial role in attention, decision-making, memory, and executive functions. By 

analyzing how different types of smartphone tasks influence neural networks, this research provides 

a comprehensive understanding of how digital environments shape cognitive efficiency and 

neuroplasticity. These findings have potential applications in business decision-making, corporate 

management, and product optimization. 

Trends in Brain Network Connectivity Changes 

(1) The complexity and strength of brain connectivity varied significantly across different 

experimental conditions: 

Table 3. Brain Connectivity Variations Across Experimental Conditions 

Experimental Condition Changes in Brain Functional 

Connectivity 

Key Characteristics 

Condition 1: Resting State Simple connectivity, primarily 

local connections 

Low cognitive load, minimal 

cross-regional information 

exchange 

Condition 2: Complex 

Tasks (Gaming, Social 

Interaction) 

Enhanced functional 

connectivity, increased cross-

regional synchronization 

Greater interaction between the 

prefrontal cortex (PFC) and 

other cognitive processing areas 

Condition 3: Attention-

Switching Tasks 

Highest level of connectivity 

complexity, involving multiple 

high-level cognitive regions 

Requires greater cognitive 

control and rapid task-switching 

ability 

 

(2) Condition 2: Complex Tasks (Gaming, Social Interaction) 

In this phase, participants engaged in high-cognitive-load smartphone tasks, such as strategy-based 

gaming and social interaction (e.g., online messaging). These tasks require complex thinking 

processes, real-time decision-making, and emotional engagement. 

From the chart, we can see the following key observations during complex tasks: 

1) Prefrontal Cortex (PFC) Connectivity: 

The PFC connectivity curve has the highest amplitude, reflecting increased synchronization with 

other regions. 

This indicates that the PFC is heavily involved in executive functions, decision-making, and cognitive 

control during complex tasks like strategy games and social interactions. 

2) Parietal Cortex Connectivity: 

The parietal connectivity curve shows a strong amplitude, demonstrating that spatial processing, 

sensory integration, and computational functions are actively engaged. 

This supports the idea that complex tasks require multiple brain regions to work together for problem-

solving and planning. 

3) Temporal Cortex Connectivity: 

The temporal cortex connectivity curve is slightly lower in amplitude but still significant. 

This suggests that language comprehension, memory retrieval, and emotional processing play a 

supporting role during these tasks. 

4) Reward System Connectivity: 

The reward system connectivity curve, though lower in amplitude, highlights the brain’s sensitivity 

to instant feedback and rewards. 
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This is especially relevant in social interaction tasks, where positive reinforcement can enhance 

engagement and performance. 

Overall Analysis: 

The chart shows that complex tasks significantly strengthen cross-regional coordination. 

PFC connectivity dominates, demonstrating its critical role in managing high cognitive demands, 

while the parietal and temporal cortices contribute to sensory integration and memory. 

The reward system’s involvement underscores the motivational aspect of complex tasks, highlighting 

how different brain regions dynamically collaborate to meet the demands of challenging cognitive 

and emotional activities. 

 

Figure 4. Simulated Brain Activity Waves 

Condition 1: Resting State (Baseline Measurement) 

From the chart, we can observe changes in brainwave activity under three task conditions: 

1) Resting State: 

The wave amplitude is relatively low, indicating an overall lower level of brain activity and a stable 

state. 

This aligns with findings that global functional connectivity and prefrontal cortex (PFC) connectivity 

strength are at their lowest during resting states, reflecting a mode of introspection and cognitive 

recovery. 

2) Complex Tasks: 

The amplitude and frequency of the waves increase, demonstrating heightened brain activity. 

This corresponds to higher global functional connectivity and PFC connectivity strength, driven by 

increased cross-regional synchronization and more complex cognitive engagement. 

3) Attention-Switching Tasks: 

The amplitude and frequency reach their peak, reflecting the strongest brain activity levels. 

This result highlights the high cognitive demands of multitasking, requiring extensive interregional 

coordination and greater executive function. 

Overall Trend: 
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As task complexity increases, both amplitude and frequency of brainwave activity rise, indicating 

that the overall level of brain activity and functional connectivity intensify with increasing cognitive 

load. 

Data Analysis 

Global Functional Connectivity: 3 (Low) 

Primarily local connections, with the brain operating in a basic information integration mode. 

Connectivity mainly concentrated in the default mode network (DMN), indicating enhanced self-

reflection and introspective activity. 

PFC Connectivity Strength: 2 (Low) 

Minimal task demands resulted in low PFC connectivity with other executive control regions. 

DMN Activity: 8 (High) 

Suggests a state of relaxation and cognitive recovery, with attention dispersed and no external task 

engagement. 

5. RESEARCH CONCLUSIONS AND DISCUSSION 

5.1. Summary of the Study 

This study investigated the effects of smartphone use on brain activity, focusing on EEG 

(electroencephalography) patterns, key brain region activations, and brain network connectivity 

across different task conditions. By utilizing EEG technology, we analyzed participants’ neural 

activity under three experimental conditions: resting state, complex tasks, and attention-switching 

tasks. The findings revealed that smartphone tasks influence the prefrontal cortex (PFC), amygdala, 

and brain network structures to varying degrees, shaping users’ attention management, decision-

making capacity, and neuroadaptive responses. 

5.2. Key Findings 

5.2.1. EEG Activity Patterns 

EEG data analysis demonstrated significant differences in brainwave activity across various task 

conditions: 

Resting state (baseline measurement): Dominated by alpha waves (8-12 Hz), indicating a state of 

relaxation, low cognitive load, and emotional stability. 

Complex tasks (gaming, social interaction): Increased beta waves (13-30 Hz) and gamma waves (30-

100 Hz), reflecting higher cognitive resource demands, particularly during strategic planning, social 

decision-making, and emotional interactions. 

Attention-switching tasks: Increased theta waves (4-8 Hz) and gamma waves (30-100 Hz), indicating 

intense neural information exchange, essential for rapid cognitive adjustments and task transitions. 

Conclusions: 

Short-term: Smartphone tasks increase cognitive activation but may also induce greater fluctuations 

in attention and cognitive load. 

Long-term: Prolonged high-intensity smartphone use may reduce sustained attention and deep 

thinking ability. 
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5.2.2. Activation of Key Brain Regions 

Table 4. EEG-based Brain Region Analysis 

Task Condition Prefrontal Cortex (PFC) 

Activation 

Amygdala Activation 

Resting State Low, minimal cognitive control 

needed 

Low, emotionally stable, no 

significant external stimuli 

Complex Tasks (Gaming, 

Social Interaction) 

High, involved in decision-

making and problem-solving 

High, engaged in emotional 

processing in social contexts 

Attention-Switching Tasks Very high, requires rapid 

cognitive adjustments 

Significantly elevated, 

associated with cognitive stress 

and emotional regulation 

 

Conclusions: 

PFC activation increases with task complexity, but sustained high-load tasks may reduce focus and 

self-regulation. 

Amygdala activation is heightened in social and multitasking environments, suggesting smartphone 

use may enhance emotional reactivity, but excessive use could lead to increased emotional volatility 

and stress accumulation. 

5.2.3. Changes in Brain Network Structure 

Table 5. Findings on Smartphone Task Complexity and Brain Network Connectivity 

Task Condition Brain Network Connectivity Key Features 

Resting State Stronger local connections, 

minimal global connectivity 

Low cognitive load, ideal for mental 

recovery 

Complex Tasks 

(Gaming, Social 

Interaction) 

Enhanced coordination between 

the prefrontal cortex and 

multiple brain regions 

Increased cognitive control and 

emotional processing 

Attention-Switching 

Tasks 

Most complex connectivity 

patterns 

Demands greater cognitive flexibility, 

may lead to cognitive overload 

 

Conclusions: 

Smartphone use enhances information integration ability, but frequent attention-switching may 

reduce sustained attention. 

Increased brain connectivity in multitasking scenarios may improve short-term efficiency but could 

impair deep thinking and long-term cognitive stability. 

5.3. Commercial Value and Applications 

5.3.1. Corporate Management and Productivity Optimization 

Frequent task-switching increases cognitive load and reduces work efficiency. 

Business recommendations: 

Reduce fragmented tasks, encourage deep work sessions to improve employee focus. 

Optimize office software to minimize unnecessary distractions, such as AI-driven task prioritization. 

Smart time management systems can help employees allocate attention effectively and boost 

productivity. 
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5.3.2. Educational Technology Industry 

Adaptive learning systems could optimize study rhythms based on EEG research to reduce cognitive 

overload and enhance retention. 

Smart learning platforms can integrate EEG-based adjustments to modulate task difficulty and 

maximize focus. 

5.3.3. Social Media and User Experience Optimization 

High social interaction intensity enhances emotional responses, but excessive engagement may 

contribute to cognitive fatigue. 

Platform design recommendations: 

Optimize content delivery mechanisms to minimize information overload. 

Implement mental health safeguards, such as usage reminders or screen-time balance 

recommendations. 

5.3.4. Gaming Industry Applications 

Cognitive strategy optimization in games: 

Strategy-based games improve cognitive abilities, but excessive competitiveness may increase neural 

stress. 

AI-driven adaptive difficulty adjustments could optimize gaming experiences, preventing cognitive 

overload. 

5.4. Study Limitations and Future Research Directions 

5.4.1. Study Limitations 

Sample size: The study was conducted with a limited sample; future research should expand 

participant demographics across different age groups, occupations, and cultural backgrounds. 

Lack of long-term analysis: The study primarily focused on short-term effects; further research is 

needed to examine long-term neural adaptations to smartphone use. 

Controlled lab environment: While the study was conducted in a controlled setting, real-world 

distractions may impact the actual effects of smartphone use. 

5.4.2. Future Research Directions 

(1) Long-term impact of smartphone use on the prefrontal cortex and amygdala 

Does prolonged smartphone use lead to adaptive neural changes that affect attention control and 

emotional regulation? 

(2) Individual differences in neural adaptability 

Do some users exhibit greater cognitive resilience, allowing them to better manage high-intensity 

smartphone interactions? 

(3) Applications of neuroscience in corporate digital environments 

Can cognitive training interventions mitigate the negative effects of excessive digital engagement? 

5.5. Conclusion 

Using EEG technology, this study examined the impact of smartphone use on brain activity, analyzing 

brainwave patterns, key brain regions, and network connectivity. Key findings include: 
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(1) Smartphone use influences cognitive control and emotional regulation, and excessive usage may 

impair deep focus and attention. 

(2) The activation levels of the prefrontal cortex and amygdala vary based on task type, with 

prolonged high-load exposure potentially reducing decision-making efficiency. 

(3) Brain network connectivity is modulated by task complexity, and frequent attention-switching 

may induce cognitive overload, affecting long-term attention stability. 

Commercial Applications 

Corporate productivity: Optimizing task management systems to enhance employee focus. 

Social media and gaming: Implementing EEG-based insights to refine user experience and prevent 

cognitive overload. 

3Using neuroscientific principles to optimize learning platforms and improve retention. 

This study provides a neuroscience-based foundation for understanding how digital behavior shapes 

human cognition and offers theoretical insights for optimizing smart device interactions. Moving 

forward, research on balancing digital engagement with cognitive and emotional well-being will be 

critical. 
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